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in the Chair. 

(Puper No. 1926.) 

‘‘ The Edinburgh Waterworks.” 
By ALEXANDER LESLIE, M. Inst. C.E., F.R.S.E. 

THE water-supply of the city of Edinburgh is derived from 
two  main sources in almost  equal  portions,  namely, the Pentland 
Hills  and  the Moorfoot Hills.  Previous to  the introduction of 
these  supplies, the inhabitants depended entirely on wells  situated 
within  the city.  Authenticated accounts of the water-supply 
to Edinburgh  date  as  far back as 1621, when  steps  were  taken 
for the introduction of the first  gravitation  supply. An Act 
was  passed by  the Scottish  Parliament  in  that  year for the 
introduction of water from the Comiston springs,  which  rise 
about 3 miles to  the  south of Edinburgh; But it was not until 
1681 that  the water was actually  brought  into  the  city.  The 
supply  amounted t o  about 135,000 gallons  per  day, and was carried 
by  a 3-inch lead pipe, at a cost of about $3,000. About twenty 
years  later  additional  springs  were  brought in from near the 
same source, and  a lead pipe 48 inches in diameter was substi- 
tuted. The design of this work is attributed t o  Desaguliers, 
and it was executed by  a German of the name. of Covay ; but 
it was  not until 1720 that  the inauguration of the work took 
place. No further addition to  the  supply was made until  thirty- 
five  years  later,  when, after  a time of great scarcity, an additional 
volume was obtained from Bonaly, 6 milea from Edinburgh,  and 
other streamer and springs on the north  side of the Pentland  Hills 
were  brought byway of Swanston,  and this supply was introduced 
in 1761. It was conveyed into the town  by wooden pipes, which 
were  mostly mmoved and h o n  pipes  substituted  in 1790. 

I n  1780 a report was obtained from John Smeaton upon the 
then existing  supply.  He made several  suggestions,  but did not 

The discussion upon this Paper was taken together  with that upon the 
two following ones. 
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submit  any proposals of importance  for  securing  additional  yuan- 
tities from other sources. 

The  next  report of moment was by Telford in 1811. In this  he 
states  that  an improved  supply  might be obtained from springs 
situated on the eastern  portion of the  great  Pentland range of hills. 

Previous t o  the introduction of the Moorfoot water, the whole of 
the supply was derived from the Pentlands,  a  range of hills, 
about 1 6  miles  long  and 5 miles wide, lying t o  the south-west 
of the city. They  are of irregular outline,  and their  highest 
summits vary from 1,000 to 1,900 feet above the sea, while the 
general  level of the plain from which they  spring rises gradually 
from 500 feet at  the north-east  end t o  about 900 feet at  the 
south-west.  According t o  the memoirs of the Geological Survey, 
these  hills consist fundamentally of highly-inclined  upper  Silurian 
strata,  and  grits covered conformably by coarse conglomerate grit 
and sandstone,  and great sheets of fektone and  ash  belonging t o  
the upper Old Red  Sandstone  group.  These rocks, with  very 
varying  outlines, form an  anticlinal  axis,  over  which  tha Carbon- 
iferous rocks are folded, though,  owing to  large  parallel  faults,  the 
regularity of this anticlinal  has been materially  disturbed,  and it 
is  to  the existence of these  faults that most of the copious yield of 
spring water,  which forms the bulk of the  supply from this source, 
is due. The  country on the east of the  hills consists entirely of 
Carboniferous strata,  extending  southwards  until  they  abut  against 
the Lower  Silurian  formation of the Moorfoots and  Peebleshire 
hills,  which form the watershed of the new  supply known as the 
‘‘ Moorfoot Water Works.” A long line of fault  runs along the 
south-east  flank of the Pentland  range,  which  has the effect of 
bringing down the Carboniferous series  against  the edge of the 
strata of the felstone rocks, which,  as they dip in that direction, 
cause the  water percolating through  their open fissures to  rise to 
the surface  whenever  they come in contact with  the closer material 
of the more recent formation.. Thus  large numbers of springs  rise 
along the whole line in which this  fault can be traced. Some of 
them,  namely, the Crawley  springs, form part of the supply of 
Edinburgh,  while  many  others  are uti9.ized for the supply of neigh- 
bouring  towns  and  villages, or are appropriated  for the use of the 
paper  manufactories on the North  Esk  river,  into which they 
naturally drain. 

The’springs on the  north side of the  range  are also doubtless, in 
a  great  measure, to be attributed t o  the existence of similar  faults ; 
but a8 there  is  a  greater accumulation of dibbris near  where they 
rise, it is not so easy to  trace the linea of the  faults on this side. 
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The springs, with  the exception of those  rising on the  north  side 
of the Blackhill, are remarkably  steady. The Appendix  contains 
a  tabular  statement of their average  yield  for the  last  twenty 
years. 

The  Edinburgh  Water Company was formed in 1819, after 
the town  had  experienced  a  very great scarcity of water. The 
then  existing works  were  acquired from the Corporation, for 
which they were  paid, in stock, S30,OOO. In that  year  the new 
Company applied to  Parliament  for powers to  introduce the  water 
of the Crawley  springs  and part of the Logan bum in  the Glen- 
corse valley,  which scheme had formed the subject of the mport 
by Telford.  These  works  were  designed  by Telfod, and the 
original  plans  bear also the name of John Rennie, who acted 
as  Engineer  in  the  interests of the landowners affected by  the 
scheme, and they were  carried  out  under the superintendence of 
Mr. Jardine,  the Company’s Engineer. The water was introduced 
into  Edinburgh in 1822, at a cost of S229,000, the increased 
supply  amounting to about 2,700,000 gallons  per  day. 

The works consisted in collecting the various  springs Pising in 
Crawley  Haugh, a Table of the yield of which is given in  the 
Appendix, from which it will be seen that  the supply  is compara- 
tively  steady.  These  springs are led by  a masonry culvert  into 
an  equalising tank  within  a  short distance  fmm  where they rise, 
and by means of another  culvert a portion of  the surface  water 
from the Glencorse valley is added to it. 

The  water of the Crawley  springs naturally formed part of the 
drainage of the North  Esk  valley,  into  which  they flowed as part 
of the Glencorse burn ; and  as, upon the North Esk, are  situated 
numerous  manufactories, chiefly paper-mills, it WAS necessary  to 
provide compensation before permission could  be obtained t o  divert, 
for the supply of Edinburgh,  the  water which  ctherwise would have 
flowed down the  North Esk. An eligible  site  for a large  reservoir 
existed  about 1 mile beyond the Crawley  springs,  in  the Glencorse 
valley,  and there  what was originally known as the compensation 
pond was  constructed  (Plate 2 and Plate 3, Figs. 1, 2, 3, 4). It 
covered about 50 acres, had  a maximum depth of 58 feet,  and  a 
capacity of about 300,000,000 gallons. The water was drawn off 
from the bottom of the reservoir by  an  arrangement of culverts 
and  cast-iron  pipes,  which  were  laid on the solid ground, but 
without  any sluice-valves at  the inner end. These  valves, how- 
ever,  were placed on the pipe  immediately t o  the outside of the 
puddle  wall or trench,  where the pipes  enter an elliptically-shaped 
culvert of masonry, through which they  are carried till they  reach 
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the  tail of the embankment. Here, by means of an arrangement 
of  flap-valves, the  water can be turned  into a large cast-iron tank, 
and  the amount of its discharge be ascertained. 

The experience of the  last  sixty years shows this arrangement, 
although perhaps safe enough, to be very inconvenient, as  any 
alterations on the opening of the sluices can only be  effected by 
going up  this  rather confined culvert to reaeh them. 

There is an upper  outlet,  or  safety  tunnel  (Fig. 4), a t  a level 
of about 18 feet below the  original surface of the reservoiT, for 
the  rapid discharge of  floods. The  inner end of this was  fitted 
with a heavy  iron  easing  containing  two sluiceahuttles  lying 
at  an inclination of :about 14 to 1, each opning being 6 feet by 
2 feet 6 inches, worked from the top by gearing connected with 
the  shuttles  by rods lying on the face of the bank. The  inner 
portion of this culvert is circular, 4 feet in diameter. This 
circular portion extends for a distance of about 300 feet, after 
which it widens out  to  the dimensions of G+ feet by 4fr feet, with a 
semicircular roof and  vertical walls. 

The  crest of the waste  weir  is 60 feet in length,  and  the channel 
from it, after a slight  fall, is almost level. The  nature of the 
ground  renders it possible to allow the surplus water from the 
reservoir to drop over  .the end of  khe channel, where, in floods, it 
forms a cascade about 80 feet in height,  the rock  over which it pours 
being su8fficiently .strong  to  stand  withont the  slightest protection. 

The embankment was carefully put together with a watertight 
heart of puddle, and no accident is reported to  have occurred 
during  its construction, although considerable excitement and 
alarm  were caused by the accumulated waters of a flood which 
nearly overtopped, and was likely  to wash away, the half-con- 
structed  embankment ; but provision was made to prevent this  by 
temporarily  spreading tarpaulings  or other  sheets over the soft 
material of the bank. 

One peculiar feature in  this scheme  consisted in  the construction 
of the " filter-tunnel," a culvert about 20 feet under the surface of 
the valley, into which the  water flowing in  the  burn was intended 
to percolate, and so far  purify  itself;  but from the loamy nature of 
the  material it turned out  not to be very efficient. It was this 
water which, after being mixed with  the yield of the Crawley 
springs in  the Crawley water-house, formed the new  supply  intro- 
duced in 1822, when it was confidently  hoped that  there would be 
no further  want of water for Edinburgh for an indefinite period. 

The pipe which conducted the  water  to  the  city had necessarily 
to  take a circuitous course, and is 8fr miles long, while the  direct 
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distance by road is little more than 6 miles. The pipe is of 
various diameters, commencing with a flat gradient a t  20 inches 
diameter, and being partly 18 inches, and  the  bulk of the re- 
mainder 15 inches. This pipe has stood remarkably well. About 
fifteen years  ago it was necessary to open it, and  the  interior was 
found free from incrustation. 

The Act of 1819 provided that compensation was to be given  to 
the millowners on the North Esk, at  the rate of 200 eubic  feet of 
water per minute from  November to April inclusive, and at  the 
rate of 180 cubic feet per  minute from May to October. 

This  additional  supply was only found to be sufficient until  the 
year 1836, by which time  the consumption of water had so greatly 
increased, that it had the effect  of entirely emptying the  large 
Glencorse reservoir. This was a most  serious  affair, inasmuch as 
by the Act the Company was bound, in  the event of their not 
being able to discharge the requisite compensation into  the stream, 
to stop the spring-water  supply to  Edinburgh,  and send it down 
the  Esk  in place of the compensation  from  Glencorse replervoir. 
However, the  springs were reserved for Edinburgh at  the cost of 
the shareholders of the Company. 

In 1843 another Act was  obtained for the introduction of addi- 
tional water, namely, the Bavelaw, Listonshiels and Black springs, 
which  lie on the  north side o€ the Pentlands, and  this work was 
completed in 1848, at  a cost of about ~100 ,000 ,  the amount of the 
supply being  about 2,000,000 gdlons per day. The manner of 
providing compensation in  this case  differed  from that  at Glen- 
corse, and  the same  principle  has been adopted on subsequent 
occasions of a similar nature. 

The promoters were held bound to constrnct compensation reser- 
voirs calculated to contain a volume of water equal to  eight 
months’ yield of the  springs,  as determined by gaugings during 
the  eight months from Narch  to October inclusive, of two con- 
secutive years. The reservoirs, having once been filled and handed 
over to  the representatives of the millowners, all responsibility 
regarding them, except as  to  their maintenance, terminated as far 
as  the Company were concerned; and the millowners have power 
to order the  water  to be discharged in whatever  daily quantities 
they consider  best. 

The compensation-reservoirs which were constructed in connec- 
tion  with  this scheme were two  in number, namely, Threipmuir 
and Harlaw. Threipmuir covers an area of about 134 acres, with 
a maximum depth of 23 feet,  and contains about 206,000,000 
gallons. The embankment is 960 feet long, and is of substantial 
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dimensions, having  the top 8 feet in width and 7 feet above the 
top  water of the reservoir, with  an inside slope of 4 to 1, and  an 
outside slope of 2& to 1. There  are  two  outlets from this reservoir, 
one outlet  being 7 feet above the level of the other. They both 
consist of cast-iron pipes 2 feet in diameter, and  their upstands 
are composed  of  oak, erected on the inner  end of the pipes, by 
means of which access is obtained to  the sluice-rods. 

The  water from this reservoir, which is formed upon the 
Bavelaw burn, a tributary of the  Water of Leith,  into which the 
springs obtained under this scheme naturally flowed,  passes into 
the lower, or  Harlaw reservoir, which has a surface area of about 
34 acres, a maximum depth of 64 feet, contains about 169,000,000 
gallons, and  has  an embankment 387 feet in  length.  This reser- 
voir also has  two outlets, consisting of cast-iron pipes, the upper 
one laid 40 feet above the bottom, At  the  inner end of each pipe 
is  an upstand shaft of 7-feet internal diameter. Gangways snp- 
ported on timber piers lead out to  the two  upstands. The sluice- 
wells,  or  shafts,  are each furnished with  an outer sluice of oak, 
working in guides, each extending  the whole height of the tower ; 
so that  the sluice may  be drawn  up  to  the surface when the 
reservoir is  full,  if required for repair;  and  there  is also a valve 
inside  the  shaft, on the  inner  end of the pipe which  is  laid through 
the embankment. 

Shortly before the cornplet,ion of this reservoir, the inside slope 
of the embankment showed signs of slipping, in consequence  of its 
ha.ving been put  together  rather too hurriedly,  without sufficient 
attention  to  the  fact of its being composed entirely of hard boulder 
clay,  which it is difficult so consolidate without excessive wetting. 
This  had  the effect  of slightly displacing the masonry of the 
tower;  but it has stood for more than  thirty-five  years  without 
further  signs of movement. The waste-weir of the reservoir is 
100 feet long, and  the  drainage area  about 3,934 acres ; while that 
of Threipmuir is about 3,613  acres, and  the  length of the waste- 
weir 90  feet. 

Another Act was obtained in 1847, which  gave powers to con- 
struct four  additional reservoirs, and to increase the capacity of the 
Glencorse reservoir ; the storage  originally provided there  having 
proved inadequate to  utilize nearly the whole waters of the Glen- 
corse valley. Provision was made for increasing its capacity by 
raising  the water-level 4 feet, and also for constructing in the 
upper  part of the same ralley  the Loganlea reservoir; so that 
now there is an  available storage in Glencorse valley of about 
480,000,000 gallons. TO utilize  the yield of the  district of about 
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3,428 acres, and  assuming 20 inches depth  as  the available  rainfall, 
there is not more than four months’ storage of this  yield ; so that, 
as has  indeed been proved bp  the amount of waste  passing  over 
the weir,  there is still a considerable volume of water  not  utilized. 
By this Act the amount of compensation water  was  altered  to 
220 cubic  feet  per  minute  continuously. 

Power  was  also  obtained to construct  Clubbie Dean, Torduff, 
and  Bonaly  reservoirs, upon the  north side of the Pentlands, the 
two  former  being  intended to store the  surplus  water of the 
springs of winter for use during  the  dry months of summer. This 
scheme was laid  out  by the  late Messrs. Rendel  and Beardmore, 
XM. Inst. C.E., and the working  plans  were made and the works 
carried  out  under the superintendence of Mr. James  Leslie, M. Inst. 
C.E., who, on the resignation of  Mr. Jardine  in 1846, was appointed 
Engineer to  the  Edinburgh  Water Company. 

The Clubbie Dean, Torduff, and  Loganlea  reservoirs are much 
alike,  and  a  description of one will suffice for  all. The em- 
bankments  were formed with slopes of 3 to 1 inside  and 23 to 1 
outside, with a width of 10 feet on the top,  which was 5 feet above 
top-water-level ; a  puddle-wall in  the  interior of the bank, 8 feet 
wide at  the top,  increased with  a  batter of 1 in 8 on each  side 
down to  the level of the ground, the  depth of the puddle-trench 
varying  according to  the  nature of the material. The body of 
the embankment  was formed of layers  not  exceeding 6 inches in 
thickness,  carefully put together. This  is doubtless a much more 
satisfactory  manner of constructing  embankments than is custom- 
ary  in  many  other places, and it cannot be denied that it has its 
advantages, one of the most important  being, that should the em- 
bankment  happen  to be breached, so as  to allow the water to 
escape over the top, the danger of the whole giving way is much 
less than where  a  reservoir-embankment is put  together  in  layers 
of from 4 to 6 feet in depth.  Another  objection to  high  tips is 
that  the bank  naturally forms into  a series of open layers as  the 
large  material  invariably  falls  to the bottom of the slope, while 
the finer  material  remains above, and  this principle is repeated 
from time  to  time  as  the bank increases in  height. 

The Loganlea  and Torduff reservoirs  have each a  tunnel  driven 
in  the solid rock (Fig. 5) ,  through which the  water from the lower 
outlet  is  led,  while  there  is an upper  pipe at a  level of about 
30 feet below the surface,  for  enabling the  water  to be  drawn off 
as near  the surface  as possible, thereby  ensuring  greater  purity 
and  avoiding  unnecessary strain  in working the valves  under high 
pressure. 

[THE INST. C.E. VOL. LXXIV.] H 
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The Clubbie  Dean  reservoir  has  only one outlet-pipe, 21 inches 
in diameter, and it is fixed together  by  bolts  passing  through  lugs 
cast on the outside of the ordinary  spigot  and  faucet. 

The aqueduct  conveying the  spring-water from Bavelaw  and 
Listonshiels is  laid  along the  north side of this reservoir. It is 
partly of brickwork  and partly of masonry 3 feet  high and 2 feet 
wide. It crosses the ravine of the Bavelaw  burn,  along the outside 
slope of the  Harlaw reservoir, in a  cast-iron  pipe ; this pipe again 
enters a built conduit,  and is led  eastwards  towards  Clubbie Dean 
reservoir, into which it can either be discharged or taken  past  in 
pipes. There is a measuring  cistern, at   the lower  side of Clubbie 
Dean  embankment, by which the yield of the  springs can  be ascer- 
tained,  and from this point,  about 700 feet above Ordnance  datum, 
one of the pipes supplying  the  North  Pentland  water is led  direct 
to Edinburgh. 

A similar  cistern is erected  near the Torduff embankment, into 
which is discharged the  surplus  spring  water from the Clubbie 
Dean  pipe,  and also the water  from Torduff which  percolates 
through filter-beds in  the immediate  vicinity. From  this measuring 
cistern, a t  550 feet above sea-level, a second pipe  conveys the 
water to another  district  in  Edinburgh. These  works  were all 
completed  about the year 1851. 

The increased  demands of the public  again  rendered it neces- 
sary  to  apply  to  Parliament for  additional powers, and an Act 
was  obtained in 1856 authorising the introduction of the Colzium 
springs.  These  springs  were collected in a  similar  manner to 
those before alluded  to,  and  were  led  to  join the already  existing 
aqueduct a t  Westrig  cistern, the aqueduct having  originally been 
made of sufficient capacity to  carry  them,  and  also  other  springs, 
t o  be  subsequently  appropriated further west. 

A compensation-reservoir was also constructed on the  Water of 
Leith, a t  Harperrig, for the purpose of compensating the mill- 
owners on that stream,  and the works  were completed and the 
springs  introduced in  the summer of 1859. Harperrig reservoir 
has an area of about 174 acres, and  a maximum depth of 38 feet, 
and contains  about 562,500,000 gallons. It is  situated  in a most 
favourable position as far  as  the  relative size of the reservoir  and 
embankment are concerned. Few  reservoirs  have  such a small 
embankment in proportion to  the  amount of their contents 
(Fig. 6). The  outlet for  compensation-water is by means of a 
culvert sufficiently large to permit of the passage of  floods during 
the construction of the reservoir from an area of about 4,217 acres. 
The culvert is of ashlar, 6 feet  wide by 75 feet  high,  with semi- 
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'circular roof. The  upstand-shaft at  the inner  end of the culvert 
is square, and  furnished  with sluices  outside  and  inside. The 
waste-weir is 100 feet  long on the crest,  being at  the  rate of 3. foot 
for  every 42 acres. Besides the compensation  given  for  mill- 
power, which  was  calculated in  the same  manner  as in  the case of 
Threipmuir  and  Rarlaw reservoirs, there was an additional tax on 
the resources of the Company, by  the paper-makers  and  bleachers 
.on the Water of Leith  obtaining  a  supply of pure  spring-water 
from the pipes of the Company amounting to about 400,000 gallons 
per day. This was on account of deterioration in  the quality of 
the water  left in  the  Water of Leith owing t o  the abstraction of 
the springs,  and  the increased  proportion of  mossy water  which 
resulted  therefrom. The addition  from this source was  about 
'2,000,000 gallons  per  day. 

A still  further  supply was obtained from the Crosswood springs, 
.an  Act  for  which was passed in 1863, and  this  water was intro- 
duced in  the year 1868, and  a  reservoir was, as  usual,  constructed 
,on the Crosswood burn  to compensate the millowners. 

Crosswood reservoir  has an area of about 62 acres, with  a 
maximum  depth of  40 feet,  and is constructed,  as  regards its outlet 
works, in a  manner  similar t o  that  at  Harperrig;  but  the waste- 
weir and channel are somewhat  different,  owing to  the  greater 
length of the Crosswood embankment,  which, after crossing a 
gorge of about 200 feet in width, is continued in  a curve  for  a 
distance of 1,200 feet. It was  necessary to  construct an overflow- 
weir  near the deepest part of this bank  (Fig. 7). For  this purpose 
.a wall of masonry  has been brought  up, faced on the outside with 
,ashlar-steps having  a slope of 1% t o  1, the rise of each step  being 
1 6  inches  and the  tread 24 inches;  the  top of this forms the crest 
+of the  weir over  which the flood-water escapes. The weir-channel, 
with  a flat  gradient,  is  led  in the ordinary  manner from the 
bottom of this  flight of by-wash  steps. 

The  supply from the Pentland  works is so far peculiar as it 
.consists almost  entirely of spring-water. This peculiarity is of 
great importance,  inasmuch  as  large  expensive  storage-reservoirs, 
such as are  to be  found in many  other places, have been thereby 
rendered  unnecessary,  and  although the springs of course may get 
low in  dry weather,  no  absolute  want of water can ever be espe- 
rienced. Indeed the configuration of the north  side of the Pent- 
lands would not  permit of a  snrface-water scheme being  adopted 
for  Edinburgh,  as that water  is  almost  always coloured with peat, 
and in wez weather  very much so. This  remark does not apply 
.to the Glencorse valley, as the  springs could still be made avail- 

H 2  
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abla for compensation purposes in  the event of the available dis- 
charge  running low, although  the more recent increased storage 
in  that valley  renders  such a contingency extremely  unlikely. 
The  water  draining  into Glencorse is naturally  free from peat, 
the watershed  consisting of high  hills, covered with  short grass. 
However, it becomes  more  mossy towards the  upper reaches, so 
that  the  water impounded in Loganlea is a t  times dark coloured; 
but owing to  the existence of a spring  which rises in  the down- 
stream  side of the puddle-trench, and which  has some remote con- 
nection with  the  water inside the reservoir, and which passes 
through  the rock and is discharged bright  and  clear  in  large 
quantity, it is but seldom that much water requires to be sent 
down by means of the sluice itself. 

This completes the history of the  Waterworks of the  Edinburgh 
Water Company, which were capable of producing  about 8,000,000 
gallons per day. I n  1868 this volume was  estimated to be  equal 
to  about 34 gallons per head per day  to a population of 230,000, 
about 14 per cent. of the  quantity  being used for manufacturing 
purposes. The cost  of the works up  to  that  time had amounted 
to &500,000. 

I n  1869 an Act  was passed for taking over the works of the 
Water Company and  investing  them in a public trust consist- 
ing of representatives of Edinburgh,  Leith,  and Portobello, and 
they came into power at  Whit-Sunday of the following year. The 
first proceedings of this  Trust consisted in  an application to Par- 
liament for power to introduce the  water of St. Mary’s Loch, which 
Bill, after  having passed the House of  Commons, was rejected by 
the House of Lords. 

It was ultimately decided, in deference to  the wishes of the rate- 
payers, to adopt the Moorfoot or  South  Esk scheme, which  had 
many years before been recommended to  the old Water Company 
by  their Engineer, and  had also been shortly before reported 011 

favourably by Messrs. T. Hawksley and J. Leslie, MM. Inst. C.E., 
jointly. 

nf00RFOOT SCHEME. 

Plans were lodged for this  Bill  in  the  autumn of 1873, and  Par- 
liamentary sanction  was obtained for it in  the following session. 

The watershed under  this scheme consists of the Moorfoot. 
hills, which form portions of the long  band of Silurian uplands, 
stretching across Scotland from St. Abb’s Head on the east  to 
Portpatrick on the west. These  hills are rounded on the  sides 
and covered with green  pasture,  while the tops are  flat  and  have 
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peat on  some portions of their summits. There  are  not many 
springs  in  this  district. Around the base of this  Silurian  range  is 
found the other  extremity of the Carboniferous strata mentioned 
before as lying between  them  and the base of the south  side of 
the Pentlands. It was  ’anticipated that a  higher  rainfall would 
have been available  here than  in  the  Pentlands,  but  the Tables in 
the Appendix show that  this expectation  has  not been realised. 

The Moorfoot scheme consists of the utilization of a  drainage- 
area amounting in  all t o  about 14,500 acres. Of this about 6,131 
acres form the portion of the watershed of the Gladhouse burn 
above the site of the reservoir of that name;  about 1,337 acres 
form the available  drainage  area of the Tweeddale  burn,  and  these, 
together  with  the Portmore Loch, with  its drainage area, of some 
610 acres, form the portion  available for town  supply. The scheme 
was laid  out upon the assumption that compensation should  be 
provided in  the proportion of one-third of the yield of the  district 
operated on, leaving  two-thirds of the yield  for  town  supply ; and 
reservoirs  have been provided  having  storage  equal to  six months’ 
yield of the districts. 

The available  rainfall of the Portmore district was estimated a t  
24 inches, after  deducting  for loss by  absorption and evaporation 
from the actual  rainfall of 38 inches,  while the Tweeddale  burn 
drainage-area  and that of Gladhouse  reservoir was estimated a t  
the smaller quantity of 20 inches. 

To utilize the yield of these  districts  the Gladhouse reservoir 
has been constructed upon the  river South  Esk,” or Gladhouse 
burn,  which is calculated to store  six months’ yield of its own 
drainage-area, reckoned at  the above-mentioned amount,  along with 
the flood waters of the Tweeddale burn drainage-area  and the 
area  lying between it and Gladhouse reservoir. Its capacity is 
about 1,700,000,000 gallons. The Portmore  reservoir,  constructed 
on the site of the existing loch or lake,  has  a  capacity of about 
250,000,000 gallons. This  is more than  in ordinary  circumstances 
would have been considered a necessary amount of storage, but on 
account of the  nature of the locality  and the cheapness of the 
necessary works, the storage  was  increased  from  six  months’ to  ten 
months’. The scheme also  includes the construction of the Rose- 
bery  reservoir upon the South Esk, 2 miles below the Gladhouse 
reservoir,  whereby  about 1,620 additional  acres are utilized, by 
means of which,  as their yield is  entirely devoted to compensation 
purposes, the  total yield of the South  Esk or Gladhouse burn, above 
the site of the Gladhouse reservoir, is rendered  available  for  town- 
supply. 

Downloaded by [ University of Liverpool] on [15/09/16]. Copyright © ICE Publishing, all rights reserved.



102 LESLIE ON THE EDINBURGH WATERWORKS. pfinutes of 

To  compensate for the utilization of the  waters of the  Tweeddale 
burn  and  the Portmore  district, the Edgelaw reservoir has been 
constructed on the  Fullarton  burn,  and  the  total  amount available. 
from the Moorfoot  sources for the  supply of Edinburgh is estimated 
a t  about 8,690,000 gallons per day. 

During  the passage of the  Bill  through Parliament, a serious 
draught was made upon the resources of the scheme, inasmuch as 
the  riparian landowners had demanded a volume of water gratis, for 
domestic and manufacturing purposes, amounting to about 750,000' 
gallons per day, to be delivered by pipe at  their respective pro- 
perties, and  this demand was conceded to  them  rather  than  risk 
their opposition. 

Before proceeding to describe the Moorfoot works in detail, it 
may  be  well  to complete the account of the subsequent Parlia-- 
mentary proceedings in connection with them. In the Bill of 
1873-74, it was not intended to  apply for power to construct the 
Rosebery reservoir, because, several  years before,  power to con- 
struct a reservoir upon that  site  had been obtained from Parlia-- 
ment  by  the local authority of the town of Musselburgh, for the 
supply of that  town  and also the neighbouring  town of Dalkeith ; 
and, in consequence  of apprehension lest  the Bill should be en- 
dangered by  the opposition of these parties, this reservoir was 
omitted. To make up for the  want of this reservoir, the capacity 
of the compensation-reservoir to be constructed upon the  Fullarton 
burn was  therefore increased, with  the  intention of serving  for 
both the compensation due  to  the  South Esk proper and its. 
tributary  the  Fullart.on  burn ; but, at  the instance of the advisers 
of the landowners, the contents of the Edgelaw reservoir were 
reduced from 800,000,000 to 275,000,000 gallons, and  the com- 
pensation, which it was  intended to obtain from the Edgelaw 
reservoir, had,  instead, t.o be taken from the Gladhouse reservoir, 
thereby diminishing the volume available for Edinburgh with-- 
Out, in  the opinion of the engineers, benefiting the proprietors, 
inasmuch as no water-power was available on the course of the 
Fullarton  burn,  nor on the  South Esk above the point of junction o f  
the two streams, so that it did not  signify from which source com- 
pensation was obtained. In order, therefore, to render available 
for the  supply of Edinburgh  the whole  volulne of water previously 
mentioned, it became necessary to have recourse to  the  reservoir 
formerly contemplated at Rosebery, and  this was  subsequently 
done. 

The Edgelaw reservoir was  intended to be 90 feet deep, covering 
an area of 1049 acres, and  the works would have been materially 
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reduced in extent  in  carrying  out  the provisions of the Act of 
Parliament,  by  which the contents were to  be so much diminished. 
T'vhile trial-boring  operations  were  being prosecuted, to  test the 
nature of the foundation  for the puddle-trench,  what on a  previous 
occasion had  been taken for  solid rock turned  out  to be  merely 
a boulder,  although the bed of the stream and its left  bank 
consisted of sound rock. A pit was  accordingly  sunk in  the 
immediate  vicinity of the original bore-hole, but no firm  bottom 
was  reached at  the level  previously  indicated.  After  proceeding 
further  with  this  pit, which  was entirely  through fine  sand, and 
required  careful  timbering, it was at  length abandoned and  the 
original bore-hole continued. The boulder  was soon pierced, and 
the boring-rods  went  down to  an additional depth of nearly 30 feet 
without  reaching  solid rock. It was, therefore, considered ad- 
visable to look out for  another  site, so that  the embankment 
might be  colistmcted in a more economical manner. A careful 
examination into  the geological structure of the valley showed 
that  the  site of the before-mentioned bore was in  the channel of a 
pre-glacial  watercourse. The whole surface of the country having 
undergone  complete  alteration, during  the period of the ice age, 
by the levelling up of the valleys  and  watercourses with sand and 
de'bria, the existing  river-bed has been excavated in a  different line 
from the original one, and  has not yet  attained  nearly so great a 
depth.  Further investigation of the valley of the  Fullarton  burn 
shows that  the present  and the former  beds of this same stream 
frequently  interlace,  and it is difficult to fix upon any  part of the 
river-course  without the risk of encountering  sand-beds of  con- 
siderable depth  either  at one side or the other. Fortunately, how- 
ever, a site  was found about l mile further down the stream, 
sufficiently far removed from the original course, which in  all 
probability is filled with sand  and  other  pervious  material, and 
this second selected site  is so situated  as  to form a most economical 
site for  a  reservoir  embankment. It is  in  the carboniferous for- 
mation,  and  various seams of coal and  shale  were  met with in the 
excavations of the works. 

Application  was made to  Parliament in  the session of 1875-76 for 
power to abandon the original  Edgelaw  reservoir  and  to  construct 
another one upon this new site; and, the powers of the Mussel- 
burgh  and  Dalkeith  Water Act having lapsed, the  opportunity 
was taken to include the construction of the Rosebery reservoir, 
thereby  giving  an increase in  the available  supply  for  Edinburgh 
of 2,500,000 gallons. 

To finish the history of the Parliamentary proceedings in con- 
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nection with  the  Edinburgh  water  supply, it may be mentioned 
that, by the plans lodged in 1874, it was intended to construct  a 
reservoir and filters in  a convenient position at Alnwickhill;  but 
that,  in consequence of the opposition of the  agents of the pro- 
prietor, it was  necessary to  restrict  the area of the works, so as to 
interfere  materially  with  their design. The Trustees  were, how-, 
ever,  assured that additional land elsewhere would, if necessary, 
be  granted  for  carrying  out the works, even though beyond the 
limits of their compulsory powers. Relying on this promise the 
works  were commenced ; but  the  tenant of the ground,  not  having 
been made a  party  to  the bargain,  interrupted the progress of the 
works by  obtaining  an  interdict from the Court of Session, on the 
plea that  the ground  included  within the limits of deviation  under 
which the land was acquired by  the  trustees, was intended to have 
been  utilized  for the construction of a  pipe-track  instead of forming 
a portion of the embankment of a  reservoir. It is difficult to  see 
how the  tenant of a piece of land  such as this,  after  having  had it 
taken from him,  and  after having been paid  and compensated for 
his loss, could have any  right to complain of the use to  which the 
land was  being  put.  The  Court,  however,  held that he was 
entitled l o  object, and  his opposition had, in consequence, to be 
bought  up a t  a  considerable ransom. The question is  by no means 
a new one, and  has occurred on several occasions; but, as far as 
the Author  is  aware, the decisions have  generally been in favour 
of the promoters of the scheme. The  result of this  interdict was, 
that a  third application to  Parliament  was  rendered necessary in 
1877, to obtain powers for the construction of the works on the 
land which the proprietor  had promised to provide during  the 
passing of the previous  Act of 1874. 

A  fourth  Act was obtained in 1880 for  increasing the borrowing 
powers of the trustees,  which by this time  had become nearly 
exhausted, but no additional  works  were  sanctioned  under it. 

The original  Act  included the construction of a  reservoir in  the 
Glencorse  valley to  be called  Densclench,  intended to have a 
capacity of 260,000,000 gallons,  for the purpose of utilizing more 
fully  the yield of that district,  which,  as  before  mentioned, is by 
no means thoroughly  exhausted, but it was ultimately decided t o  
abandon it. 

GLADROUSE RESERVOIR. 
The first of the works  contracted  for was that of the Gladhouse 

. reservoir. It has an  area of about 396 acres,  and is formed by  an 
embankment acro'o6s the Gladhouse burn  about 1000 feet in length. 
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The maximum depth of water  in  the reservoir is 684 feet. The 
embankment  has  a  width at  the top of 12 feet,  which is 7 feet 
above the top-water  level of the water  in  the reservoir. The 
embankment  was  constructed in  the manner before described 
(Fig. 9). The  nature of the rock foundation  was  such that 
only  a  remarkably  shallow  puddle-trench  was  required,  not  ex- 
ceeding 3 feet in  depth, below the bottom of the valley.  Even 
in those  portions  which  were  deepest from the surface, but which 
did  not in  any place exceed 20 feet, the  trench was remarkably 
free from water, so that  the expense of pumping,  which in 
many  other reservoirs  has been very considerable, was avoided. 
This is,  perhaps, all  the more worthy of notice,  as it not  un- 
frequently  happens  in the execution of puddle-trenches that  the 
fact of their being dry and  free from water, is  an indication 
of their inefficiency to  prevent the passage of water. 

The  water available  for  town-supply is  drawn from the reservoir 
through a pipe placed at  the level of 25 feet above the bottom, 
while it and  the compensation outlets  are connected with  an 
upstand  shaft  inside the embankment 140 feet from the centre 
line thereof. This tower or shaft  (Fig. 9) is constructed of 
parapet  ashlar 2 feet in thickness on the bed. The  tower 
measures 18 feet by 10 feet  externally,  and is divided  into  two 
chambers, one of which communicates solely with  the compen- 
sation outlet  in  the bottom,  and the other, in addition to a 
similar communication, contains the sluices on the mouth of 
the supply-pipe. There  are two  sets of double-sluice at   the 
level of the bottom of the reservoir for the compensation water, 
one set  in each  chamber,  and there  are  three outside sluices, 
which  communicate with  the town-supply, fixed at different 
levels so as  to  permit of the clearest  water,  which is  the 
nearest  the surface,  being  drawn off for consumption. 

The  upstand was constructed with  a clear  passage below it 
formed by arches, on which the superstructure was built, so as to 
allow the flood-water to pass uninterrupted  during  the construction 
of the works ; after  the completion of the embankment  these  arches 
were  filled up  with solid masonry. The outlet-pipe, 27 inches 
in diameter,  delivers into a measuring-cistern  situated at  the 
outside of the embankment. This pipe was carefully bedded in 
solid rock, and encased with  a  thick  layer of lime  concrete, and 
it was terminated at  the lower end with  a turn-down  pipe  which 
discharges into a small  chamber,  by means of which the velocity 
of the water is checked and its correct  measurement  facilitated. 
This  measuring-cistern'  also  receives in  a similar  chamber another 
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turn-down pipe, which conveys the  water from Portmore Loch, 
and,  if necessary, Tweeddale burn,  and these  together, as well 
as the  water from  Gladhouse, can be at  any  time accurately 
measured by an  arrangement of cast-iron troughs  and flap- 
valves, which  permit of the  water from either source being 
measured in  the body of the  cistern  by observing the  rate of rise 
of the water. 

From  this  cistern  or measuring-house is led  the main conduit to 
Edinburgh. According to  the original  design it was  intended, for 
the purpose of economy, to provide for the passage of the flood- 
water, during  the construction of the embankment, by a tunnel 
calculated to be of sufficient  cross-sectional area to discharge the 
largest probable flood. After  the works should be finished, of 
course the excessive  size  of the  outlet-culvert was no longer re- 
quired ; it was  therefore  intended  to  diminish its area by  building 
a masonry culvert  inside  to  carry  the compensation-water. The 
material, however, through which this  tunnel was driven proved 
to be by no means so suitable for the purpose as  had been antici- 
pated, and  partly owing to  this,  and t o  the  unskilful manner in 
which  the operations of mining were conducted, this scheme had . 
to be abandoned, and  the intended tunnel was open-cut from end 
to end. The  stability of the work was by this considerably 
increased, and, except as  regards  the  matter of expense, was in 
nowise to be regretted. 

Instead of the  original design, which consisted  of ashlar masonry, 
a culvert of brickwork was  substituted,  with curved  walls and 
segmental arch, the brickwork consisting of six  rings,  and it is. 
packed behind close up  to  the rock face with concrete (Fig. 10). 
The  crest of the  weir is formed of an  ashlar  curb 18 inches by 
2 feet deep, laid in a curve at  a radius of 130 feet,  as shown in 
Fig. 8. 

The works for this reservoir cost S58,000, and  the  land purchased 
for it contained 400 acres, for  which  the sum of S41,OOO was paid, 
the proprietors being  the  Earl of Rosebery on the west or left side, 
and Mr. Dundas of Arniston on the  east  or  right  side of Gladhouse- 
burn. The contractor for the reservoir works  was the  late Mr. 
William Mackenzie of Edinburgh,  and  the  iron work, which cost 
S4,164, was provided by Messrs. Hanna, Donald and Wilson, of- 
Paisley. 

A second small embankment  was  rendered necessary near  the 
upper  end of the reservoir, which  was  only 200 feet in length 
and 14 feet in  depth;  but  this embankment had  to be sunk 
through 34 feet of gravel before a watertight  substratum could 
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be  reached,  and  much  greater  labour  and  expense  were  incurred 
in obtaining  a  proper  foundation  hers  than in  the case of the 
main  embankment,  which  contains  sixty-two  times as much 
materia1. 

The  site selected  for the main  embankment of this reservoir 
is particularly  favourable,  not  only on account of the facility of 
constructing the puddle-trench, but also on account of its small 
size in relation to  the amount of water impounded, the pro- 
portion  being 2,000 to 1. 

The  other works in connection with  this reservoir consisted of 
the diversion,  by  means of an open aqueduct, of the waters of the 
Blackburn,  a tributary of the Gladhouse burn,  which, on account 
of the  nature of its drainage-area, is  apt  at times to be  coloured. 
It has been led  past the reservoir  and  discharges into  the waste- 
weir channe1,while there  are  appliances to  permit of its waters  being 
taken  into  the reservoir  when  sufficiently  pure.  There are also 
various roads, bridges,  and  small embankments. 

PORTMORE RESERVOIR. 

This reservoir  was  constructed on the site of a  natural loch, 
originally  about 82 acres in extent,  which  has  been  enlarged to 
106 acres ; the  depth of water  has  also been increased 10 feet. 

The works consist of an embankment  and  waste-weir  and 
upstand  and  an outlet-pipe,  constructed  upon the same principle, 
though on a smaller scale, as  those  already  described  for Glad- 
house. The water from this source is remarkably  pure, the 
drainage-area  being  almost entirely free from peaty  matter. The 
only  mill affected by  the operations of this loch above the  site of 
the compensation-reservoir at Edgelaw, is the threshing-mill 
belonging to  the West Loch farm-steading.  Formerly this was 
driven by  an ordinary  water-wheel, but in order to economise 
the  water for  town -supply, a turbine wheel  was  substituted, 
and an available  fall of 70 feet  was  obtained by  laying  a 12-inch 
pipe the whole  way from Portmore  Loch to  the mill,  a length of 
1,000 yards. A 24inch vitrified  clay  pipe conveys the water from 
Portmore Loch as far  as Gladhouse reservoir, and discharges it 
into  the measuring-house before mentioned. 

Tweeddale  burn, a t  a point  where it is intercepted  for the 
supply of water  to  Edinburgh,  has  a  drainage  area of about 
1,337 acres,,pPhich is calculated to yield  a  daily  supply of 1,500,000 
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gallons. A breastwork has been constructed across its course, 
and its waters are led into a  channel of sufficient dimensions to 
contain it in considerable floods. 

The upper  end of this watercourse consists of a covered conduit 
measuring 3 feet 6 inches by 4 feet 9 inches, which  afterwards 
discharges into  an open water-course of concrete 16 inches in 
thickness, with a  radius of 7 feet 3& inches, a  width of 13 feet 
G inches, and  a  depth of 4 feet  6 inches, surmounted with a 
stone coping along each side (Fig. 11). This conduit during  its 
course receives the  water from several  small  tributaries,  including 
the  Fumart Syke,  and passes on to join the Gladhouse reservoir near 
the small  embankment; besides which there  are appliances for 
leading it into  the fire-clay pipe  conveying the  water of Portmore 
reservoir, so that it can  be  taken direct to  Edinburgh  without 
entering Gladhouse reservoir. 

The above-mentioned works were also constructed by Mr. 
William Mackenzie, and their cost was 532,659. The sum 
paid  for the use of the water of Portmore reservoir, and  as com- 
pensation, was %10,000. The way-leave for the pipe-line and 
the ground procured for the construction of the Tweeddale burn 
aqueduct was included in this sum. 

AQUEDUCT AND PIPE-TRACK FRON GLADHOGSE RESERVOIR TO 

ALNWICK HILL. 

For  the first l& mile of its course the  water  is led by means of a 
built aqueduct (Fig. 12), with a  gradient of 1 in 2,000. It is 
4 feet 6 inches  high, 3 feet wide, and has an  invert of brick- 
work with a radius of 59 feet, which is  set upon a foundation of 
concrete. The side-walls are of rubble  masonry set  in  hydraulic 
mortar;  the facework, consisting of composition brickwork, the 
bricks  being each 12 inches by 6 inches by 3 inches. The arching 
was formed of 6-inch brickwork with a radius of 18 inches, and 
the whole was covered with a layer of Portland cement concrete 
which was intended to  strengthen  the  arch and  render it water- 
tight. No part of this aqueduct was of excessive depth, except a t  
one  or  two places where, in consequence of the impending  danger 
of slips taking place, it WRS found necessary to increase the thick- 
ness of the walls  and roof. Manholes were constructed a t  intervals 
G f  200 yards  for  obtaining access to  the aqueduct for repair ; and 
where the  line of the aqueduct crosses two  ravines the water is 
led down and  up  again by cast-iron pipes 33 inches in diameter, 
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each inverted siphon, as it is called, being  furnished with a 
cleansing-cock a t  its lowest  extremity. This aqueduct,  which is 
3,000 yards  in  length, discharges into a circular  well 12 feet in 
diameter and 16 feet in  depth.  At  this point the pressure is  put 
on the main pipe which leads to  Edinburgh,  and provision has 
been made for future extension by  having  two pipes built  through 
the walls of this cistern. The pipe which leads from this  cistern 
t,o Edinburgh is calculated to  carry 9,000,000 gallons of water  per 
day;  the first portion of the pipe, having a flatter  gradient,  has 
been made 24 inches in diameter,  while the remainder is 22 inches. 

The first  important work on the  line of this pipe-track consists 
of a tunnel  through  rising ground 420 yards  in length. The 
tunnel was driven through freestone rock, and was lined throughout 
with 9-inch brickwork  forming  vertical side-walls and  an arched 
roof. The pipe  was laid upon blocks of stone and kept t o  one 
side, so as to admit, if necessary, of a second pipe  being laid 
through  the  tunnel. 

There  are various  bridges in  the course of this pipe-line, the 
most important of which consists of a bridge constructed to  carry 
the pipe across the  North  Esk River. It is of masonry, with an 
arch of 45-feet span (Fig. 13). 

The aqueduct  was executed by Mr. James Young, contractor, 
Edinburgh, and cost S17,lGO. He also executed the contract 
for the  laying of the main pipe to  Edinburgh  with its accompanying 
works. The  total  length of this pipe is 8; miles, and it coBt 
521,270, not reckoning the cost of the pipes, which  were delivered 
at  S7 1s. Gd. per ton. The pipes, both for this  and  the  inverted 
siphons upon the line of the aqueduct, were provided by Messrs. 
Laidlaw, of Glasgow. The pipes varied from 2 inch  to 1 inch in 
thickness, according to  the pressure which they would have to  stand. 
The thickness of the pipes for the respective positions was derived 
by calculating the pressure at  each portion of the  line by the 
following formula :- 

t = 0.000075 X d X h + 0.375 inch, 

when d = diameter in inches, and h = the head in feet. 
The main pipe delivers into  the service-reservoir constructed 

within 3 miles of Edinburgh at  Alnwick Hill, a t  which place the 
filters  have also been erected (Plate 4 ;  Figs. 14,  15,  16,  17,  18, 19, 
20). The  natural formation of the ground  being of boulder clay 
rendered the  watertightness of the reservoirs, &C., comparatively 
easy to  secure;  but, as is sometimes found underlying compact 
blue clay, beds or pockets of sand occasionally appear, thereby 
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rendering it necessary, in order to be  certain that  the works 
should be watertight,  to  carry down the  puddle-  trench  to  a 
depth considerably  exceeding  what  otherwise would have been 
necessary. 

The service-reservoir  has  an  area of 5 acres ; it is 900 feet  long 
and 240 feet  wide,  constructed with  an inside  and  outside  slope 
of 2& to 1. The excavation from the bottom of this reservoir  went 
in a  great measure to form the embankments, but  a number of 
boulders  which  were  found to exist in  the  natural clay  were  avail- 
able  for the purpose of making  metal  for the filter-beds. The inside 
:slopes of the reservoir are protected by pitching  in  the usual 
manner,  and the outside slopes are covered with grass. There  are 
two outlets ; one of them  consists of a  masonry  tower, horseshoe in 
outline,  inside of which is fixed a  cast-iron  upstand-pipe  constructed 
with sluices, by means of which the water can be drawn from any 
required  level, the object being to procure it as  near t o  the  sur- 
face as possible. Another  masonry  tower  contains the empty- 
ing sluice, and serves at  the same time  as an overflow for the 
.surplus  water of the reservoir. There  are four  filter-beds,  fed 
b y  an arrangement of piping  which  leads  away the water from 
the  regulating-tank, on the lower  side of the embankment,  into 
which the pipe from the cast-iron  upstand  discharges. The filters 
'are  each  about + acre in  extent, and they were  designed for the 
purpose of passing 9,000,000 gallons  per  day,  supposing  three of 
them to be  working  and the  remaining one in process of being 
cleaned. The retaining-walls of these  filters  are, from the founda- 
tion  to the upper  side of the coping, 12 feet in height, with  an 
.average  thickness of 4 feet, and a batter upon the  water face of 
1 in 10. They,  along with  the cross-walls, which  have the same 
batter on the face, are 3 feet 6 inches in width on the under-side 
of the cope, and were  constructed with  a void in  the centre 4 inches 
in  width, which was subsequently  filled up  with  strong  Portland 
cement concrete. On each  side of this void are dovetailed recesses, 
12 inches by 6 inches by 6 inches,  constructed  for the purpose of 
binding  the walls  together,  and at  the same time  making  them 
impervious to  the passage of watcr. The  result is satisfactory, 
inasmuch  as not a drop of water passes from one filter  to the other 
when one of them is empty. The floors of the filters are covered 
with a coating of 6 inches of Portland cement concrete, which is 
connected with the  internal concrete of the side walls, and the 
filtering  material is 6$ feet in depth.  This consists of a bed of 3 feet 
3 inches of broken  stones,  such as road  metal,  for the most part pro- 
cured from the boulders found in the excavation of the ground 
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during their construction, and which consisted of rock of various 
formations,  granite,  whinstone, &c. Upon this  there  is  a  layer of 
6 inches of gravel, of the size approaching to  walnuts ; over this 
again is another  layer of the same thickness of gravel more ap- 
proaching to beans; above this  is another layer of 6 inches of 
coarse  sand, and  the whole is finished with  a bed  of 18 inches of 
fine sand. The  gravel for this work was for the most part pro- 
.cured from a pit situated  within + mile of the place, and the sand, 
which was riddled  out of this gravel, was also used for the upper 
layers,  while  a  certain  quantity was brought from the River Tay 
a t  Newburgh,  where  sand,  excellent  for the purpose of filtration, 
can easily  be  procured  free from imperfection,  unlike the native 
sand above alluded to, which sometimes is very  dirty. 

The  water is drawn off the fllters by  an  arrangement of fire-clay 
pipes, commencing at  the extremities at 6 inches in diameter,  and 
increasing by degrees till they  attain  the diameter of the outlet- 
sluice,  which is 22 inches in diameter. A regulating-well is 
attached to each filter, by which the  rate of filtration can be 
increased or diminished by  the sluice  which  regulates the differ- 
ence of level by which the water  is  filtered. When perfectly clean, 
a difference of level of not more than 1 inch  is sufficient to pass the 
regulation  quantity of 1,030 gallons  per  square  yard  per  day but 
after  having been in operation  for some days  or  weeks the dif- 
ference of level  between the water  inside and outside  requires  to 
be increased. 

The clear-water  reservoir  has  a  capacity of 4,500,000 gallons. 
It is 335 feet  long  and 120  feet  wide, The  retaining  walk  are 
similar t o  those  already described for the filters, with  the exception 
that  there  is no interior  concrete core, and the  batter on the face 
is 1 to 10. 

From  this clear-water  reservoir the water is discharged into  the 
measuring tank,  the dimensions of which  are 40 feet by 22 feet. 
The pipe  communicating  between  these  two  structures is fur- 
nished with  a  swiftly-shutting  sluice, by which the  rate of dis- 
charge  at  any hour of the day can readily  be  ascertained. The 
house is furnished  with  a  set of screens of copper-wire  cloth, set 
in the form of a  half  circle, through which all  the  water going 
into  Edinburgh  must pass. Three pipes  deliver from this reservoir, 
one  being connected with  the  original old Crawley pipe, which has 
been made to discharge into  the clear-water  reservoir,  and two 

* The  regulation volume in the Metropolitan waterworks is 540 gallons per 
twenty-four hours from each  square yard or filter. 
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pipes are  laid in connection with  the Moorfoot supply, one of which 
is  led towards the  centre of Edinburgh,  and  the other by way of 
Holyrood and  the eastern  districts  towards  Leith. 

Some  difficulty was found from the  fact  that  the water used in 
washing  the sand for the filters, both during  their construction 
and  during  their use, was  charged with  earthy materials to such 
an extent  as  to silt up  the course of the stream into which it 
naturally flowed ; therefore it was necessary to construct  subsiding 
ponds, into which the  water from the sand-washer is allowed to 
flow and  settle,  and  the  result is, that  after some days  resting  in 
these ponds the  water can be discharged into  the stream without 
damaging  the water-course. It may be mentioned that  there is 
a washing  apparatus in  the  centre of each filter-bed, and it is 
found, judging from the experience of the  last five years, sufficient 
to wash the sand of each filter once in four weeks. This  has been 
carefully done, and  the cost of this operation has, after a series of 
years, been found not  to exceed 28. 2d. per 1,000,000 gallons. 

COMPENSATION-RESERVOIRS. 

I n  order to compensate for the abstraction of the  water for the 
water-supply of Edinburgh from the Tweeddale burn  and Portmore 
loch, it was necessary to construct the reservoir on the  Fullarton 
burn. The  site selected for this reservoir is particularly advan- 
tageous, the  natural formation of the rocks rendering it necessary 
to construct an embankment of very  small  extent. 

To complete the scheme, and, in order to afford  compensation to 
the  South  Esk proper, another compensation reservoir was  required 
at Rosebery. The details of the construction of these two reser- 
voirs are so similar that one account will suffice for both. 

Edgelaw reservoir (Fig. 21, Plate 3) has a capacity of 44,000,000 
cubic  feet ; it covers an area of 37 acres, has a maximum depth of 
80 feet, and  the  length of the embankment is 240 feet. The 
design of these works differs materially from that of the Gladhouse 
reservoir, previously described. I n  it, it was of importance to have 
appliances to  draw off the  water  at levels as  near  the surface as 
possible, and  for  this reason the upstand  tower  was constructed 
within  the area of the reservoir. 

In   the case,  however, of the Edgelaw and Rosebery  reservoirs, 
which  are intended entirely for compensation  purposes, and where 
the  quality of the  water is a matter of no importance, the  outlets 
were placed at  the bottom of the reservoirs. 

At  Gladhouse the  inner portion of the outlet-culvert, between 
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the upstand  and  the puddle-wall, was necessarily  under  pressure 
from the water in  the reservoir, as  the upstand-shaft was  con- 
structed at  the  inner end of this culvert. In  Edgelaw  and Rose- 
bery, however, the upstand  shaft  containing the sluices  has been 
constructed  immediately in  front of the puddle  wall,  and the 
water  obtains  free access to the interior of the  culvert for its 
whole length,  as  far  as  the  upstand  shaft  (Figs. 22, 23, 24, 25). 
The section of this  culvert was so designed as to carry off what, 
during  the construction of the works, was  calculated to be the 
greatest  probable flood from the respective  drainage-areas,  and 
its dimensions are 10 feet  by 9 feet 3 inches. It has a  circular 
invert,  with circular  walls  and roof. It is  built of brickwork set 
in Portland cement, consisting of four  rings at  the outer  and  inner 
ends,  where the pressure  bearing upon it is least,  and  increasing 
by degrees until  the thickness of mven rings is reached in  the 
centre of the embankment;  and over these  rings of brickwork 
there  is a layer of 2 feet of Portland  cement concrete. The bricks 
used for this  are ordinary composition bricks from a neighbouring 
factory,  while the  inner  ring is composed  of durable  Staffordshire 
blue  bricks. The side-walls  rise from skew-backs of stone,  which 
are necessary in order to  bring  together  its  parts which  have 
different  radii. 

The  upstand-  shaft, which is only  intended to be used for 
drawing  water from the lowest  levels of the reservoir, is also com- 
posed of brickwork ; it consists of an  outer  and  inner chamber, 
the interior  dimensions of which  are 9 feet by  8 feet  and 5 feet 
respectively ; while the walls of the structure, commencing at  the 
bottom with  an outside  measurement of 36 feet by 29 feet, are 
reduced  as the  structure  rises  by means of buttresses  and bevelled 
edges or intakes,  until  an outside measurement of 22 feet by 
15 feet is reached at  the level of the top of the embankment. 
Where  the  shaft rises above the level of the embankment it is 
constructed  throughout of ashlar  masonry;  though the lower 
portion of the +aft  waterways  were left of a size equal to that 
of the outlet-culvert, to enable the 0ood waters to escape during 
the execution of the work ; the down-stream one of which is 10 feet 
thick,  while the midwall  between the two  chambers is 5 feet. 

L This  latter was filled with  ashlar stones, carefully  adjusted  and 
radiated on their beds  and  joints before being placed in  the work, 
and  put together with  Portland cement. The outer  plug,  or 
barrier,  through  which  was  built  two  outlet  pipes  18  inches  in 
diameter, is constructed of ashlar  masonry on the inner face, and 
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the remainder of brickwork in cement. These plugs  have proved 
sufficiently  watertight,  and only a slight  indication of dampness 
can be seen on the outer surface of the down-stream one. 

The waste-weir (Fig. 21) consists, in plan, of a Gothic arch with 
a length of crest of 180 feet. The  crest consists of a single stone, 
2 feet by 18 inches, bedded carefully upon a concrete foundation 
set upon the  natural boulder clay, aud backed up on each side 
with  hewn  pitching 15 inches in depth, set  with a gradient of 
1 in 4. 

The weir-channel is contracted gradually  to 30 feet in  width 
where it is confined by masonry walls, during  the remainder of its 
course. There  are various  arched courses in  the paved portion 
of the channel, for the purpose of preventing  any likelihood of 
serious damage in  the event of any of the  pitching  being washed 
out. At Edgelaw  there  are two  flights of altar steps, separated 
by a small portion of pitching, the upper flight containing nine 
steps  and  the lower one fifty-one steps; each step  has a rise of 
15 inches, with a head of 30 inches, and  all  are  set upon a bed 
of  concrete, carefully  laid  upon  the surface of the  natural rock 
excavation of this portion of the side of the valley. 

After  Edgelaw  embankment  had been completed, or nearly so, 
some  difficulties were encountered on account of slips  which took 
place on the  inner face of it,  the material of which it was composed 
consisting for the most part of clay ; and it was probably due to  
the too  copious addition of water  to enable its being  properly put 
together  that these  slips occurred. No doubt, when  constructing 
embankments of materials  such as this, care should be taken to  
see that a sufficient amount of solid material is incorporated with 
it, and also that too much water is not allowed to  be poured 
over it, otherwise slips  will  be  the  inevitable consequence. 

The puddle-trench in  this reservoir was formed through satis- 
factory  material,  although a conRiderable  geological fault was 
found to  run  right across it. The  nature of the  valley, which 
was very narrow at  the bottom, was  such as to cause  some difficulty 
in  the construction of the lower portion of the embankment, as 
the  water  had  to, be  diverted from its original  channel  into a 
temporary one during  the construction of the outlet-culvert, and 
the restricted  area at  command rendered this  rather a matter of 
inconvenience and difficulty. Very little  water was encountered 
during  the sinking of the  'puddle-trench,  until one spring was met 
with which threatened  to cause trouble. This  spring was con- 
centrated  and  led  away  by a perforated iron pipe, and  the whole 
neighbourhood of it was  weighted by a substantial mass of  con- 
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Crete, and no trouble  has been experienced in consequence of ita 
existence. 

The works a t  Rosebery (Plate 4, Figs. 26,  27, 28) resemble 
these in  all respects,  except that  the waste-weir  channel,  owing 
t o  the configuration of the ground,  has been divided  into five 
series of steps, the total  number of which is  sixty.  The embank- 
ment  here is 470 feet in length,  with  a maximum depth of water 
of 75 feet;  the area of the reservoir is 524- acres,  and its con- 
tents G0,000,000 cubic feet. The puddle-trench in  this reservoir, 
which is  still  in progress,  has proved a more difficult matter  than 
that of Edgelaw. A satisfactory watertight foundation was reached 
in  the bottom of the valley,  which was taken down through 8 feet 
of gravel  and  other  surface  material,  through 15 feet of hard 
limestone rock, till it reached  a bed of impervious  shale. The 
stratification is almost  horizontal,  and across the bottom of the 
embankment  there is  a  fault whereby the  strata  are lowered 
towards the north  about 3 feet. 

Some anxiety was felt as to how this  fault was to be dealt 
with, which crosses the puddle-trench  diagonally, but.  after 
considerable  trouble  a  satisfactory bottom was  obtained,  and 
there seems to be  no  fear of instability from its existence. The 
strata which  overlie the compact limestone  consist of very 
open-jointed  limestone rock, some of the fissures in which a re  
several  inches in  width, and in which  several  water-runs, of about 
6 inches in diameter, are occasionally found. The west of this 
puddle-trench  has  been  satisfactorily  executed ; the other  side is  in 
progress,  and  a watertight foundation  has been reached at no very 
excessive depth.  As a precaution  against any escape of water 
past the end of it,,a sheeting of puddle  has been laid over the 
whole base of the embankment, 2 feet in thickness, connected 
with  the clay in the puddle-wall, so that, if necessary at  any 
future time, this puddle  sheeting  may be extended over the out- 
side of that portion of the sides of the reservoir  which consists of 
this open material. 

In the Appendix will be found Tables  giving the principal 
dimensions, approximate cost, and other  particulars  relating to  the 
various  reservoirs  and works. 

The Moorfoot works  were designed and  carried  out by Messrs. 
J. and A. Leslie, Mr. Alexander  Jervis, Assoc.  M. Inst. C.E., acting 
as  Resident  Engineer,  under whom were placed several  inspectors, 
and  they,  and  all the original  works connected with  the  Pent- 
land  supply, are  under the charge of the Author’s firm, Messrs. 
J. and A. Leslie  and Reid. 

I 2  
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For a long  time the  quality of the Moorfoot water was a  subject of 
anxious  inquiry,  since  many of the opponents of the scheme averred 
that it was unwholesome, but  the question  has been put  at rest. 
The following  extract from a report  by Professor  Crum Brown and 
\V. Buchanan will serve to show that it is of excellent  quality. 

6'  The  weather was very inclementcold east  wind  blowing 
during  the day, with  frequent falls of  snow. The reservoirs  and 
filter-beds  were covered with ice.  We collected samples of the 
four  waters, viz. : A. Water of the Gladhouse reservoir as it enters 
the measuring-tank at Gladhouse. B. Mixed water of Portmore 
and Gladhouse from the measuring-tank a t  Gladhouse. C. Water 
as it leaves the filtering-tank a t  Alnwick  Hill. D. Water from 
the measuring-tank a t  Alnwick  Hill. 

6' The  temperature of each  water  was  taken at  the time of 
collection,  and was as follows :- 

A, 34" F. B, 34O.1 F. C,  34" F. D, 37' F. 

6' We  have  carefully  analysed  these samples, and  have  determined, 
in  the case of each of them-lst, the colour; 2nd, the amount  and 
character of suspended matter ; 3rd, the amount  and  character of 
the  total solid residue left on evaporation,  and the effect of 
ignition on the residue;  4th, the amount of oxidisable matter  in 
the water,  as measured by  the oxygen  required to oxidise it by 
Tidy's  permanganate  method; 5th,  the hardness of the  water ; 
6th,  the ammonia and  ammonia-yielding compounds, by Wanklyn's 
method ; 7th, the chlorides  contained in the  water ; and 8th,  the 
nitrates  and  nitrites. 

'L The  results of these  analyses lead U8 unhesitatingly to the 
opinion that all these  four  samples of water  are of excellent 
quality, and  well  adapted  for the water-supply of a town. The 
only  objection that could be taken  to  any of them  is  in reference 
to colour. Although  under the remit we were  not  able tr, ex- 
amine any  primary source of supply  except Gladhouse, it is 
evident  from  our  results that  this objection applies  specially to  
thelGladhouse  water. In reference to  this, it is worthy of note 
that, although the Gladhouse water  is more strongly coloured 
than  any of the  other  waters examined by us  under  the remit, it 
cannot  be called a  very  highly coloured water; and,  further, that 
it is in every  other  respect a t  least as good as the  other samples. 
The colour is  certainly of vegetable  origin,  and  cannot be regarded 
as injurious. 

" Under the remit we were  authorised to collect samples of the 
four  waters at various times, so as t o  obtain  fair  average samples. 
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We have contented ourselves with samples  collected  on  one  occasion 
only;  partly because the  state of the  weather  and  the condition of 
the roads made it very difficult to make more visits  to Gladhouse, 
but also  because our examination of the samples obtained on that 
one  occasion has led us to  the opinion that  they  are  fair specimens 
of the various waters.” 

The  Paper is illustrated  by numerous diagrams  and small-scale 
drawings,  from  which Plates 2, 3, and 4 have been engraved. 
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PENTLAND WORES. 

PRINCIPAL DINENSIONS, COST, &C., of the VARIOUS WORKS. 
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Alex. Morrison 7,771 

John Alexander  10,15: 

.. 

Ahex. Wiason 

.. 

.. 

TohnAlexander11,54 

John Pollock .. 
Robt. Moffit 20,68 

*. I * -  

- 
' 0  

g 
i t  g 
rn 

j i  
U 

) 

- 
S. 

.. 

.. 

.. 
747 

582 

573 

748 

411 

303 

288 

.. 

.. 

.. 

.. 
1% 

.. 
73$ 
- 

discharge from sluices. 
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MOORFOOT 
TABULAR STATEMENT of the  DATES of CONSTRUCTION, 

Nom.-The  distances  by  Road  from  Edinburgh  are  measured from the 

Name. 

Portmore' . 
Purtmore . 

Tweeddale 
burn . . 

Gladhouse* . 
Gladhouse3 . 
Gillygubdean 

Pipe to Edin- 
burgh3. . , 

Bridge over' 
Esk . ., 

AlnwickhilP 

do. 

do. * 

Edgelaw' . 
Rosebery' . 
Main pipes3, 

Lg:?:J 

Main pipes) 
to Leith . J 

Main pipes to  
Mussel- l 
burgh . . 1 

Character. 

Reservoi 

Aqueduc 

do. 

Reservoh 

Aqneduci 

Cistern . 
Conduit. 

Bridge . 
Reservoir 

Filters . 
Service 
Reservoir 

Reservoir 

do. 

.. 

.. 

.. 

Date 
)f Exe- 
cution. 

- 

1S79 

1879 

1879 

1879 

1876 

1876 

1877 

1876 

1879 

1879 

1879 

L880 

.. 
1878 

1878 

1880 

Distance fron 
Edlnburgh. 

. _  

1 

1 

1 

1 

1 

1 

1 

,1: 

~1: 

- 

Road. 
BY 

-- 
Miles 

7.37 

7.37 

6.86 

5.86 

5.86 

4.31 

4.31 

8.10 

3.60 

3.60 

3.60 

3-16 

3.68 

~ 

Y2 
__ 
Miles 

6.95 

.. 
4-24 

3.42 

.. 
1.60 

.. 
7'45 

3.30 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

Acres. 

l024 

.. 

.. 
399 

.. 

.. 

.. 

.. 
5 

2.48 

.. 
37 

52: 

.. 

.. 

.. 

Feet. 

.. 

.. 

.. 

.. 

.. 

.. 
24 

.. 
17 

80 

75 

.. 

.. 

.. 

~~~~ 

Capacity. 

-- 
Gallons. 

250,000,00( 

.. 

.. 

,713,356,00( 

.. 

.. 

.. 

.. 
19,904,263 

.. 
4,180,307 

275,000,000 

381,250,000 

.. 

.. 

.. 

.. 

.. 

.. 
). 230 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
.341 

.359 

.. 

.. 

.. 

1 Ironwork  supplied by Messrs. Oliver and Arrol, Edinburgh. 
2 Ironffork supplied by Messrs. Hauna, Donald, and Wilson, Paisley. 
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WORKS. 
PRINCIPAL DJMENSIOXS, COST, &C., of the VARIOUS WORKS. 

Nouncl at  Princes  Street,  and those by Pipe-line from Castlehill Reservoir. - 
2 

J:, 

2’ 
p: 

- 
.M 
to 
W 

* 
E I ,  

U - 
Fe, 

11 

.. 

7E 

.. 

.. 

.. 

.. 
33 

,. 
.. 

93 

84 

.. 

.. 

.. 
7 

Cubic CI 

Embnn 
tents o 

ment, i 
cludinl 
Puddle 

Pitchin! 
biling, 8 

h b i c  Y< 
16,061 

.. 

.. 
.52,34I 

.. 

.. 

.. 

.. 
07,521 

.. 

.. 
93,050 

75,403 

.. 

.. 

.. 
- 

Proportio 
If Coutenl 
of Reser. 

voir. 

1 : 92 

.. 

.. 
1 : 67 

-. 
.. 
.. 
.. 
.. 
.. 
.. 

l : 17.5 

l : 12.9 

.. 

.. 

- 

4 

2 

d 

t% a .- 
- 
Acre 

6 

.. 

1,3: 

6,lt 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

i,36 

7,75 

.. 

.. 

.. 

- 
Leng 
of War 
Weir 

Feet. 
20 

.. 

.. 

150 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
170 

170 

.. 

.. 

.. 
- 

I I 

Lengtl 

Niles 

.. 
3-5c 

1.20 

.. 
1-72 

,. 
8.30 

,. 
.. 
.. 
.. 
.. 
.. 
.. 

.. 

.. 

l 

Diameter. 

.. 
24 in. 

Seamental 
7 St. 4 i n  
radius. 

.. 
(4 ft. 6 in.’ 
L X 3ft. , 

12 ft. 

i4 & 22 in 

.. 

.. 

.. 

.. 

.. 

.. 
22 in. 

22 in. 

10  in. 

W. Mackenzie 12,500 31: l S. l S. 
do. I 6,5001 .. 

1 do. 

231 63,400 do. 

.. 12,000 

James Young (17,6001 .. 
do. 1 3601 .. 
do. .. 56,100 

do. 

.and  Matthew) 
f Hendemon 

.. 1,000 

18y800 ’ *  

do. 26,000 

.. 21,200 do. 

.. 

James Young 35,000 795 

do. .. 4,000 

4 Ironwork supplied by the  Glen5eld Company, Kilmnmock. 
3 Pipes  supplied by Messrs. R. Laidlaw and Sons, Glasgow. 
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